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I INTRODUCTION

50
Two-phase gas-liquid flows often happened in air conditioning systems, refrigerating, cryogenic, 51 petroleum, nuclear power and also in sewage treatment. Centrifugal pumps play important roles in 52 all these fields. It is well known that pump head will decrease under two-phase mixture conditions compared to single-phase one. The degree of head degradation depends on geometrical, physical 54 and thermal conditions (Gülich [2014] ). For a given pump geometry and increasing value of void 55 gas fraction, the head can be totally lost, the consequence of which can result in huge system 56 instabilities and pump degradations. 57 Several authors like Murakami et al. [1974a] , Minemura et al. [1985] have proposed prediction 58 methods for the two-phase flow performances on axial and centrifugal type of pumps in order to 59 evaluate existing experimental measurement results with some visualization technique as well. A 60 non-exhaustive list of important published works is proposed in Si et al. paper [2017] . All these 61 models can be considered to be valid for low values of volumetric void fraction (max. 6%-7%) and 62 so, far from surge operating conditions that correspond to a rapid performance decrease of the 63 pump, the rate of which depend on the initial water flow rate. Just before such severe conditions, 64 several investigations have detected the presence of stationary bubbles at impeller entrance channels 65 for high gas fractions, being responsible for performance degradation of the pump (Murakami and 66 Minemura [1974 b] ; Patel and Rundstadler[1978] ; Sekoguchi [1984] . Estevam[2003] and Barrios 67 and Prado [2009] . Numerical simulations using URANS approach have been also performed in 68 order to determine local phenomena more precisely in such flow conditions. All numerical results 69 have in common that they show significant deviations between predicted and experimental overall 70 results for the head drop especially for gas fraction values higher than 6%. Recently, Müller at al. 
IV.3.2 Flow analysis inside the impeller and volute
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The transport air-water ability of the pump mainly depends on air and water distributions inside 207 the flow channel. to the fact that regions with high void fraction levels are not any more close to the impeller walls 231 but are pushed in the main flow when flow rate is decreasing and IAVF is close to 5% (see results
232
also from Table 1 ) . 
